The aim of this study was to distinguish between sources of the complex variety of Marennes-Oléron Bay suspended particulate organic matter (SPOM) contributing to the tropho-dynamics of the Marennes-Oléron oyster farming bay. Basic biomarkers (Chl a, C/N and POC/Chl a ratios), carbon and nitrogen stable isotopes from SPOM were analyzed and the microalgae community was characterized. The sampling strategy was bimonthly from March 2002 to December 2003; samples were taken from an intertidal mudflat. Four main sources contributed to the SPOM pool: terrigenous input from rivers, neritic phytoplankton, resuspended microphytobenthos and periodic inputs from intertidal Zostera noltii meadows. Seasonal fluctuations were observed in both years of the study period: (1) C-enriched decaying materials, extended into the fall. These were attributed to benthic intertidal inputs, including both resuspended microphytobenthos and Z. noltii detritus. Changes in SPOM sources in Marennes-Oléron Bay may lead to differences in the quality of the trophic environment available for reared oysters.
Introduction
In complex aquatic environments such as rivers (Raikow and Hamilton, 2001) , lakes (Grey et al., 2001) , estuaries and coastal areas (Peterson et al., 1985; Kwak and Zedler, 1997; Cloern et al., 2002) , distinguishing the different organic matter (OM) sources remains an important issue. For example, in estuaries, the water column suspended OM pool is the result of mixed allochthonous sources, such as continental input, marine phytoplankton and autochthonous sources, such as coastal phytoplankton and intertidal mudflat biomass. The stable isotopic techniques allow identification of the origin of the OM from coastal areas and estuaries (Simenstad and Wissmar, 1985; Cifuentes et al., 1996) . The carbon isotopic ratios separate the 13 C depleted terrestrial OM from the more enriched marine OM, which explains their widespread use in the studies of estuarine food webs (Fry and Sherr, 1984; Gearing et al., 1984) . In addition, studies carried out from head to the mouth of estuaries were useful to identify continental and marine end-member contributions (Shultz and Calder, 1976; Cai et al., 1988; Cifuentes et al., 1988; Middelburg and Nieuwenhuize, 1998; De Brabandere et al., 2002) . However, it remains difficult to understand complex mixing processes where more than two different OM sources are involved (Cloern et al., 2002) . Other parameters might be use to reduce this ambiguity and to describe the suspended particulate organic matter (SPOM) source contributions in estuaries and bays. Stable isotopes are frequently associated with C/N ratio (Thornton and McManus, 1994; Middelburg and Nieuwenhuize, 1998; Hellings et al., 1999; Cloern et al., 2002) , POC/Chl a (Cifuentes et al., 1988) or organic biomarkers (Canuel et al., 1995; Goñi et al., 2003) . Description of the microalgae community of the water column might help to distinguish the different SPOM components related to benthic or pelagic compartments. The most frequently used method consists of using taxonomic discrimination (Lucas et al., 2001) considering, for instance, that all the pennate diatoms are derived from the benthic component. The microphytobenthic contribution to the water column is thus well referenced in ecosystems with large intertidal areas (Shaffer and Sullivan, 1988; de Jonge and Van Beusekom, 1992; . The Marennes-Oléron bay is one of the most important oyster farming areas in Europe with an annual oyster Crassostrea gigas production of 40 000 tons (Goulletquer and Le Moine, 2002) . Several earlier studies focused on the dynamics of organic matter available to cultivated oysters within the whole Bay (Héral et al., 1984; Raillard and Ménesguen, 1994; Soletchnik et al., 1998) . Seston dynamics are strongly influenced by advection of the different water masses (Bacher, 1989) and by wind-and tideinduced resuspension of mudflat sediment (Héral et al., 1984; Prou et al., 1994) . Consequently, autochthonous primary production of phytoplankton in the Marennes-Oléron bay is very limited in both space and time due to the high turbidity of the water column (Raillard and Ménesguen, 1994) , and a considerable amount of chlorophyll-a in the water column is derived from resuspended microphytobenthos (Zurburg et al., 1994; Guarini et al., 2004) . However, our knowledge about the origin of OM sources and their contribution to cultivated oyster diet is still incomplete (Riera and Richard, 1996; Riera and Richard, 1997; Malet et al., 2007) . Riera and Richard (1996) have argued that resuspended microphytobenthos is of major importance to oysters living on intertidal mudflats. As the microphytobenthos production varies both spatially and temporally (Guarini et al., 1998) , then one could expect site and time-dependant contributions of resuspended microphytobenthos to cultivated oyster diet as revealed by recent studies performed on other oyster farming areas (Decottignies et al., 2007; Riera, 2007) . The main objective of this study is to further document the temporal variability of OM sources and their contribution to the resuspended particulate organic pool of Marennes-Oléron Bay. The investigations were located on the southern mudflats of the Bay, where the dynamics of cultivated oysters stocks have been well documented (Soletchnik et al., 1998) . In the present study, SPOM was characterized using multiple parameters (i.e. chloropigments, C/N and POC/Chl a), natural stable isotope ratios and benthic versus pelagic categories of phytoplankton species. Since seasonal and inter-annual variability related to primary production has also been demonstrated (Soletchnik et al., 1998; together with a major influence of the tidal regime on resuspension events within the Bay (Prou et al., 1994; Raillard and Ménesguen, 1994) , field investigations were based on a biannual cycle and a bimonthly sampling in order to underline different time scales of the SPOM variability and precisely interpret the contribution of the different OM sources to Marennes-Oléron Bay SPOM pool.
Materials and methods

Study area
Marennes-Oléron Bay is located on the French Atlantic Coast north of the Gironde estuary and is composed of 60 % of intertidal mudflats (Fig. 1) . Of the two rivers flowing into the bay, the Charente River was the large output of 10 to 470 m 3 s -1
, whereas the discharge of the Seudre River is much lower, ranging from 0 to 40 m 3 s -1 (Soletchnik et al., 1998) . During winter periods of high river discharge, low salinity waters also come from the Gironde estuary plume, which can enter the bay by the wide north entrance at Pertuis d'Antioche, and to a lesser extent, with the flooding tide, through the south entrance at Pertuis de Maumusson. Tidal exchange is much more important through Pertuis d'Antioche than through Pertuis de Maumusson leading to a north to south residual circulation of marine waters with a residence time varying from 5 to 10 days depending on tidal and wind conditions (Raillard and Ménesguen, 1994) . The semi-diurnal tidal regime has a maximal amplitude of 6 m. Local strong tidal currents lead to well-mixed, highly turbid waters regardless of the season (Héral et al., 1984; Zurburg et al., 1994) . Wind-driven resuspension intermittently acts on intertidal muddy sediments and contributes to benthic microalgae resuspension, produced on the extensive mudflats of the bay (Guarini et al., 1998; Orvain et al., 2007) . Our study was deployed at Ronce-les-Bains, an intertidal oyster culture area (175 ha) located in the southern part of the bay (Fig. 1) . The area was used for shellfish studies since the mid-1980s (Sauriau and Kang, 2000; .
SPOM collection and analyses
Water samples were collected twice a month from March 2002 to December 2003 at Ronce-les-Bains within the first two hours of the flood tide. Salinity using the Practical Salinity Scale and temperature were measured in situ. About 5 l of water were collected and pre-filtered with a 63 µm screen to remove any zooplankton or algae debris. Suspended particulate matter (SPM) was determined after filtration through precombusted and preweighed Whatman GF/C filters and dried for 24 h at 60°C. Since particulate inorganic matter (PIM) was measured after filters had been combusted for 4 h at 450°C, suspended particulate organic matter (SPOM) was then determined by difference. Chlorophylla was extracted with acetone after filtration from a GF/F Whatman filter according to the method of Holm-Hansen and Riemann (1978 in Richard et al., 1997) . Its concentration was determined with a Turner fluorimeter at 665 nm. All hydrobiological parameters were determined in triplicate. A last sample of water was filtered on a single precombusted Whatman GF/C filter and frozen (-20°C) for subsequent C and N stable isotope analyses. Filters were acidified with 2N HCl acid vapors to remove carbonates and kept frozen until analyzed. Particulate matter was then scraped from the fiberglass filters and packed in tin cups ready for combustion. Carbon and nitrogen isotopic contents of all particulate matter samples were measured by Continuous Flow Isotope Ratio Mass Spectrometry (CF-IRMS) analysis using an IsoPrime stable isotope mass spectrometer (Micromass, Manchester, U.K.) interfaced to an elemental analyzer EuroEA3024 (Eurovector, Milan, Italy). The analytical precision for 10 consecutive measurements was < 0.15 ‰ for both C and N isotopes. Data were expressed in the standard δ notation as parts per thousand (‰) relative to the Peedee Belemnite Limestone (PDB) and atmospheric N 2 for carbon and nitrogen, respectively. The stable isotopic ratio is reported as δ 
Microphytobenthos and phytoplankton
Samples of microphytobenthos assemblage were collected on the intertidal mudflat at Ronce-lesBains, by scraping the top 5 mm sediment surface at low tide. Samples were brought back to the laboratory where epipelic diatoms were isolated from the mud using their upward migration at low tide periods (Paterson and Crawford, 1986; . The sediment was evenly spread in a tray to form a 1cm thick layer and was covered with three 100-µm nets to allow microalgae to migrate out of the sediment. Trays were placed at room ambient temperature and exposed under natural light. On the following day, epipelic diatoms were collected from the free uppermost net, which was removed after being sprayed with GF/F filtered seawater to collect motile microalgae.
Dynamics of the phytoplankton community structure was studied at Auger, the nearest REPHY (REseau de surveillance du PHYtoplancton) station located at the south end of the Bay (Fig. 1) . The REPHY network was set up by IFREMER (Institut Français de Recherche pour l'Exploitation de la MER) in 1984 to monitor changes in the phytoplankton community all along the French coast (Gailhard et al., 2002) , and to record toxic events that may affect public health. According to REPHY standard protocols, living microalgae were identified and counted, and the QUADRIDGE database provides for each station the sampling date, the maximum taxonomic level of identification (from classes to species) and the corresponding microalgal density (in number of cells per l). REPHY samplings were carried out twice a month but were performed every week from May to June. Water samples were taken at 0.5 -1.0 m with a 2.5 l NISKIN sampling bottle (Model 1010). 2.0 l were used for the taxonomic identification. Microalgal samples were preserved with lugol's solution (1 ml l -1 ). Ten ml were placed in a phytoplankton chamber for sedimentation for at least 4 h. The organisms were identified and counted using an inverted microscope (Olympus IMT 2, Olympus, Japan), equipped with 20X and 40X lenses. Specifically to this study, phytoplankton communities were investigated according to the microalgae affinity with the pelagic or benthic compartment (Drebes, 1974; Sournia, 1986; Ricard, 1987) . The pelagic diatom community was composed mainly of Skeletonema, Chaetoceros, Leptocylindrus, Thalassiosira, Pseudonitzschia, Asterionella and dinoflagelates of Gymnodinium, Prorocentrum and Scrippsiella. The benthic diatoms were composed of Thalassionema, Fragilaria, Paralia, Plagiogramma, Navicula with smaller numbers of Raphoneis, Pleurosigma, Gyrosigma, Synedra, Triceratium, Diploneis, Thalassonema, Biddulphia, Bacillaria, Actinoptychus, Melosira and Grammatophora. Taxons were sorted in oceanic, freshwater and neritic categories.
Statistical analyses
The non-parametric test for association using Kendal's coefficient of rank correlation (τ) was used in case of non-linear relationship between two variables and/or data known not to be normally distributed (Sokal and Rohlf, 1981, p. 601) , as is the case for tidal range. Principal Component Analysis (PCA) was performed on selected variable (δ 13 C, δ 15 N, C/N, and POC/Chl a ratios) as a seasonal groups recognition method. Correlations, regressions analysis and PCA were performed using Xlstat version 7.5.
Results
Environmental parameters
In 2003, mean monthly air temperatures were higher than the monthly average over 9 months and 4 degrees higher in both June and August, whereas mean monthly air temperatures in 2002 were similar to the monthly average (Fig. 2a) . The salinity ranged from 32.5 in spring to 34.5 during summer and fall, and averaged 28 in winter. The lowest salinity ca. 22 recorded in March 2002 and 2003, was the consequence of heavy rainfall during the sampling days (Fig. 2b) . The Gironde estuary drains the Dordogne and Garonne rivers for which the total discharges was relatively low in winter 2002: only 15 days with mean daily discharge > 900 m 3 s -1 (January to March) (Fig. 2c) . In contrast, river discharge > 900 m ) (Fig. 2c) . Charente River discharge and salinity recorded at Ronce-les-Bains were significantly correlated (r = -0.68, p < 0.001, n = 42).
Suspended particulate matter and phytoplankton
For both years, SPM values were always higher than 100 mg l -1 ranging from 109 to 721 mg l -1 . SPIM followed the same temporal pattern and ranged from 89 to 655 mg l -1 (Fig. 3a) . Neither SPM nor SPIM were significantly correlated with tidal level over the two years (τ = 0.019, p = 0.750, n = 125 and τ = 0.043, p = 0.481, n = 125, respectively). SPOM ranged from 10 to 90 mg l -1 with values higher than 45 mg l -1 from May to November 2003. Over the two years, SPOM and SPM were highly related (r = 0.72, p <0.001, n = 125).
Chl a values ranged from 1.1 to 28.5 µg l -1 with an average of 7. (Fig. 3b) . The highest values occurred in spring and early summer in 2002 and in late winter and spring in 2003. Pheopiments and Chl a were highly correlated (r = 0.79, p < 0.001, n = 42). A significant Kendal's rank correlation was found between tidal range and chl a contents for both years (τ = 0.161, p = 0.010, n = 125) but the correlation was much higher in 2003 (τ = 0.391, p < 0.001, n = 62) and. A significant Kendal's rank correlation was also found between tidal range and pheopigment contents for both years (τ = 0.130, p = 0.038, n = 125). Over the two years, SPIM and pheopigments were significantly correlated (r = 0.66, p < 0.001, n = 125). SPOM and Chl a were significantly correlated only during the spring and early summer of 2002 i.e. from March to June 2002 (r = 0.74, p < 0.001, n = 27) due to short-term phytoplankton blooms (Fig. 3, 4a) . Pelagic diatoms and dinoflagelates composed most of the phytoplankton biomass and showed a high seasonality (Fig. 4) . In spring, 2002 and 2003, this biomass reached 1.8 and 1.3 millions of phytoplankton cells per liter, respectively, mostly due to the Skeletonema costatum diatom blooms (Fig. 4 a, shaded area) . The phytoplankton biomass was composed by 80 taxons, mainly pelagic diatoms and dinoflagelates. Among them, species were neritic, only Chaetoceros was truly an oceanic taxon and only the Euglénophyceae was a freshwater taxon. For both years, there was one major phytoplankton bloom in spring, which was dominated by S. costatum and several secondary blooms during summer and fall (Fig. 4 a) . In 2003, summer and fall blooms were more numerous than in 2002 and dominated by dinoflagelates. Dinoflagelates extended from April-May to September of both years, but also occurred in October 2003. Phytoplankton biomass was 1.6 times higher in 2003 than in 2002. The benthic microalgal biomass averaged monthly 7000 ± 5000 cells l -1 for those two years. They were higher in numbers than pelagic microalgae in the water column during the periods of lowest phytoplankton biomass, i.e. in JanuaryFebruary 2002, from November to January 2003 and episodically in spring and summer of 2003. During these periods, their biomass represented up to 64% of the phytoplankton biomass (Fig. 4c) .
SPOM composition
SPOM δ
13
C showed month-to-month variability that was enlarged in 2003 compared to 2002 (Fig 5 a) . The winter and spring of 2002 were characterized by SPOM δ (Table 1) allowed seasonal groups to be discriminate within our two years data set, and underlined the previously recorded correlation between δ values and C/N ratio. Scatter plot of SPOM δ 13 C versus δ 15 N also helped in identifying these 4 groups (Fig. 6) (Table 1) . Mean isotopic values of microphytobenthos collected during this study averaged -14.3 ± 1.1‰ for carbon and 4.3 ± 0.8‰ for nitrogen. Neritic phytoplankton stable isotope values of -21 ± 0.4‰ for carbon and 5 ± 1.0 ‰ for nitrogen was deduced from data collected from May to October 2002, where several parameters consistently indicated a major neritic phytoplankton contribution to SPOM: 1) several phytoplankton blooms (Fig. 4a, b) , 2) 13 C enriched SPOM isotopic values (Fig. 5a), 3 ) POC/Chl a ratios below 200 (Fig. 5b) , and 4) low C/N ratios (Fig. 5c) . Additionally, δ values of continental inputs and Zostera noltii leaves collected at Ronce-les-Bains (Kang et al., 1999) were reported on the figure 6.
Discussion
SPOM sources characterization
In Marennes-Oléron Bay, allochtonous SPOM inputs are a combination of continental inputs carried by both the Charente River (Riera and Richard, 1996) and the Gironde estuary plume entering through the bay by the Maumusson Pertuis (Fontugne and Jouanneau, 1987) . Our results on the correlations between δ 13 C values and salinity or river discharge conform to this spatial feature, with depleted stable isotope ratios associated with low salinity river inputs or high river discharge. These SPOM sources are mainly of decomposed riparian vegetation with δ
13
C values between -32 and -28‰ and δ 15 N values about 6‰. Over the two years, the relative contribution of the continental detritic component to the SPOM was also indicated by the negative correlation between C/N and δ
C values. The river-estuary linkage also provides phytoplanktonic biomass component in spring (Ravail et al., 1988; Raillard and Ménesguen, 1994) . This is corroborated by the correlation between SPOM and Chl a, which is only highly significant from March to July 2002. These blooms are dominated by Skeletonema costatum (Fig. 4a) . The freshwater phytoplankton stable isotopic composition could be estimated by measuring the freshwater dissolved inorganic carbon (DIC) δ 13 C and the associated fractionation with phytoplankton. The DIC δ 13 C of the Charente River varied between -8‰ and -13‰ between fall 1990 and fall 1991 . Considering the fractionation between DIC and phytoplankton determined by Tan and Strain (1983) , equals to 22‰, the freshwater phytoplankton isotopic composition was between -35 and -31‰. For instance, isotopic composition of the whole pool of continental OM carried by the river averaging -28‰ for carbon and 6‰ for nitrogen (Richard et al., 1997) reflected a large contribution of freshwater phytoplankton. Middelburg and Nieuwenhuize (1998) reported similar OM isotopic composition, usually lower than -26‰ in the Scheldt estuary. Salomons and Mook (1981) and, more recently, Thornton and McManus (1994) and Hellings et al. (1999) reported similar continental isotopic composition with -28‰, -27 to -31‰ and -28‰ respectively. Waters from the Atlantic ocean go into the Marennes-Oléron Bay through the Antioche and Maumusson Pertuis. However, oceanic phytoplankton inputs are scarce compared with the dominant neritic phytoplankton assemblages within the Pertuis and the Marennes-Oléron Bay because our taxonomic analysis revealed that there were only one taxon derived solely from the oceanic area, e.g. Chaetoceros sp. (Ricard, 1987) .
Autochtonous Marennes-Oléron Bay inputs are characteristic of an ecosystem dominated by intertidal mudflats. It is always difficult to single out the isotopic composition of the pelagic neritic phytoplankton from the variety of SPOM sources, but during the short periods from May to October 2002, it was possible to characterize that of local neritic phytoplankton with an average of -21 ± 0.4‰ for carbon and 5 ± 1.0 ‰ for nitrogen (Fig. 6) . Cifuentes et al. (1988) showed similar isotopic carbon values in the Delaware estuary with -20‰ as well as Middelburg and Nieuwenhuize (1998) in the upstream parts of the Scheldt Estuary. Microphytobenthos is also an important autochtonous source biomass throughout the year in Marennes-Oléron Bay (Guarini et al., 1998; Sauriau and Kang, 2000) . Values of the isotopic composition of microphytobenthos, recorded in this study, was enriched in 13 C (-12.9 to -16.5 ‰) but similar to values reported by Haines (1976) , Riera and Richard (1996) and Kang et al. (1999) . Several studies have suggested that the microphytobenthic biomass contributes greatly to the phytoplanktonic biomass of the Marennes-Oléron bay (Guarini et al., 2004) . Over our two year study, microphytobenthos biomass was present in the water column and episodically exceed the entire pelagic phytoplankton biomass (Fig. 4b, c) . Benthic microalgae are resuspended by wind-driven waves and tidal currents together with superficial sediments (Orvain et al., 2007) explaining the positive correlation between SPIM and pheopigments. The carbon and nitrogen isotopic composition of Spartina sp. is close to those of microphytobenthos (Riera et al., 1999) , but their spatial distribution is restricted to small spots mainly located on the eastern shores of Marennes-Oléron Bay (see map in Pigeot et al., 2006) . This implies a negligible or at least a very low contribution of upper plants to the SPOM pool at Ronce-les-Bains. The large seagrass, Zostera noltii, meadows that cover the sandy-mud intertidal fringe of Oléron Island (Pigeot et al., 2006) together with smaller spots also present on southern mudflats of the bay (Kang et al., 1999 ) may contribute to the SPOM pool. The Zostera noltii isotopic composition is highly enriched in both (Fig. 6) , and these values are in accordance with previous results (Kang et al., 1999; Boschker et al., 2000) .
Temporal changes in SPOM
Isotopic composition of the SPOM integrates information concerning the mixing of material from various sources of origin and level of degradation. The spring 2002 (Table 1, Fig. 6 ) was characterized by a SPOM depleted in 13 C and enriched in 15 N with a high C/N ratio suggesting continental inputs (Middelburg and Nieuwenhuize, 1998) . POC/Chl a ratios below 100 mean that SPOM was composed mainly of fresh material, a view reinforced by the highly significant correlation between SPOM and Chl a from March to June 2002 pelagic blooms. We can conclude that SPOM was composed of Charente estuarine phytoplankton. During that period, it is improbable that Gironde estuarine phytoplankton contributed to the OM pool of Marennes-Oléron Bay due to the low and decreasing Gironde discharge (Fig. 2c) Fig. 6 ), the SPOM isotopic composition was enriched in 13 C and depleted in 15 N with a POC/Chl a below 200, which all together suggest a fresh neritic phytoplankton contribution. Additionally, over this time frame, the pelagic phytoplankton abundance in the water column was largely above that of microphytobenthos and dominated by successive blooms of dinoflagellates and diatoms (Fig. 4b, c) .
During Fig. 6 ), the SPOM isotopic composition was depleted in 13 C due to elevated continental inputs resulting from high both Charente and Gironde river discharges (Fig. 2c) . The POC/Chl a ratio was highly variable suggesting pulse in contribution of decomposed continental OM. An elevated POC/Chl a ratio might result from the degradation of organic matter if the Chl a is decomposed at a greater rate than the total organic carbon (Cifuentes et al., 1988) . If degradation has occurred, a correspondingly low C/N ratio implies that either the original material is mostly planktonic or the degraded material had been colonized by bacteria. δ 15 N values were also depleted ranging from 2.3 to 4.9‰. These values are typically associated with isotopic composition of terrestrial decomposed material (Mariotti et al., 1984; Middelburg and Nieuwenhuize, 1998) . The phytoplankton contribution to the OM pool was mainly through resuspended microphytobenthos accounting for 26.3 ± 20.6% of total phytoplanktonic biomass. Guarini et al. (2004) showed the higher contribution of the microphytobenthos to SPOM in Marennes-Oléron Bay, during winter period may reach up 89%. However, these values appeared as overestimates possibly due to improper taxonomic discrimination considering all pennate diatoms as microphytobenthos.
Seasonal trends on hydrological variables such as nutrients and chloropigments were described in Marennes-Oléron Bay over 17 years of bimonthly measurements made on channel waters (Soletchnik et al., 1998) . Results from the present study do not fully match the expected trend in chloropigments during the summer and fall of 2003 (Table 1, Fig. 6 ). Although chloropigments concentrations during summer and fall hardly differed between 2002 and 2003 (Fig. 3b) , other biomarkers are indicative of qualitative changes in the relative importance of source contributions. δ 13 C values, recorded in intertidal mudflat of southern part of Marennes-Oléron Bay, were much more highly enriched than previously recorded in the Bay. For instance, Kang et al. (1999) reported slightly variable values averaging -22‰ in the water column at Ronce-les-Bains, as well as Riera and Richard (1997) , with values ranging from -22 to -19.3‰ in the Charente River channel. The high δ
13
C values recorded in this study were the evidence of an much more highly enriched C values that ranged from -14 to -12‰. According to an in situ experiment of Fenton and Ritz (1988) on macroalgae, the decomposition process can induce 0.5 to 1.2‰ 13 C enrichment suggesting a contribution of microphytobenthos-degraded material. Additionally, as OM degradation is a temperature dependant process, it is likely that microphytobenthos decomposition was higher in 2003 than in 2002, due to the occurrence of an unusual heatwave during the summer 2003, which is known as the warmest summer on record in southern France and Europe (Schär et al., 2004; Rebetez et al., 2006) . However, the contribution of microphytobenthos-degraded material does not explain the observed enrichment δ 15 N from 5.3 to 6.5 ‰. We suggest that the Zostera noltii meadows occurring on the intertidal fringe of both Oléron Island and southern mudflats of Marenne-Oléron Bay, with its characteristic isotopic compositions of δ 13 C = -11‰ and δ 15 N = 8‰, may be at least partly responsible for the SPOM enrichment. Hemminga and Mateo (1996) and Lepoint et al. (2004) have also reported Zostera sp. δ 13 C isotopic average of -10‰. Additionally, during summer periods (Vizzini et al., 2003) or high light intensity (Abal et al., 1994; Grice et al., 1996 ) the δ 13 C isotopic composition of Zostera sp. became enriched due to higher carbon incorporation and primary production. The heatwave of 2003 that was particularly noticeable in June and August 2003 in southern France (Schär et al., 2004; Rebetez et al., 2006) may have induced both enhanced primary production in early summer and secondly, in mid summer, higher degradation rates of Zostera meadow, which consequently highly participated to the SPOM.
Implication of temporal change in food quality to cultivated oysters
Numerous studies on the Marennes-Oléron Bay have referred to the trophic linkage between the SPOM of the water column and reared oysters, through investigations on hydrology (e.g. Héral et al., 1984; Ravail et al., 1988; Soletchnik et al., 1998) , mechanisms of oyster nutrition (Barillé et al., 1997) , models of trophic capacity (Bacher, 1989; Raillard and Ménesguen, 1994) and dynamics of oyster stocks (Goulletquer and Le Moine, 2002; . Following and Kang et al. (1999) , the present study provides new information on the chemical quality of sources, with both origin and end-member contributions, available to reared oysters within the Bay. In spring, available sources depended on the strength of continental nutrient inputs and associated estuarine microalgae production. Together with summer neritic phytoplankton biomass, they provide energy for oyster growth and gonad development (Bacher, 1989; Raillard and Ménesguen, 1994) . The resuspended microphytobenthos present over the year must contribute largely to the oyster diet, as consistently reported by Malet et al. (2007) , in the same studied site in 2002, with a preferential incorporation of 13 C enriched carbon in oyster tissues during fall and winter. The present study also underlines the question of the relationship between the oyster physiological cycle (i.e. resting period, gametogenic development, spawning, energy storage) and the quality of available food sources. In addition, important changes in the material of the SPOM create spatial heterogeneities for different parts of Marennes-Oléron Bay. Changes in resuspended benthic intertidal biomass (e.g. microphytobenthos versus Zostera-derived SPOM) can led to differences in the quality of the trophic environment for reared oysters and in turn to differences in oyster growth, survival and production. This major issue is however beyond the scope of this study and needs further investigations.
Conclusion
Temporal variability in chloropigments and associated biomarkers, δ C values recorded in 2003 were attributed to decaying intertidal inputs with both resuspended decomposed microphytobenthos and Zostera noltii detritus. During summer and fall of 2003, enhancement of decomposition process, acting on benthic primary producers living on mudflats regularly exposed to air and sun drying, is consistent with the fact that the summer 2003 was one of the warmest on record across southern France (Schär et al., 2004; Rebetez et al., 2006) . During the heatwave of 2003, high participation of decomposed material to the SPOM may have led to the modification or alteration of the quality of OM available to oysters. Finally, this study highlights the needs to further studies to better understand the influence of fluctuations in food source quality on reared oysters not only in the context of carrying capacity (Bacher, 1989; Héral, 1993) and trophic competition, but also in the context of global warming. comments on the manuscript. This research was funded by CNRS, IFREMER and Région PoitouCharentes. N. Malet was supported by a PhD grant from Conseil Régional de la Charente-Maritime. Tables   Table 1 , microphytobenthos: , (data from this study), continental inputs: , Zostera noltii: (Kang et al., 1999; Boschker et al., 2000) .The arrow links pelagic and benthic components sampled at the same period in summer-fall 2003 and encircled diamonds underline the more higher enriched 13 C isotopic values. Figure 4 
